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A prcsgre" report m offorb to nnd~raknd .nd 
impron dirbatic uptlve in tbs Permilsb Booster b 
*xprhant mmd mimul8tion is pramentad. In 
Puticnlu,.~~~mw~~twe prolru for ca;;a,ah 
MliOr&.ES space-CJauge im 
duaibedud simnlstrrd. 

Imtmductiw and Uvervicm 

Tha Pumihb Linac 8cceka.a~ I- iom to. 
tinetic energy of shmt 204 nav. Tha amerging bau L 
l mtrmmof hunches equally spaced &the Linrc)I, 
fr~gtnncy of 261.24 Mb. The full Liasc mmentn, 
spread of ahout 0.42 is mduud to &out 0.16% in the 
heam trmwport line to the Boomtar by . burch-mt.t,ing 
W cavity called the Debuxhst. 
uchulga injectioo, 

U+g 2- chuga- 
one ox mara tnms sre injmcted 

into the mame region of 6-dimensional phue mp.c., 
aempt that the Linac fmqusnc). aad tbs Boos&r 
revolution frqasncy we in general inccnnmta, SO 
tbnt ,Limc bmwhes nsnallr do not coincide with 
preriolul~ injected ones. Sowmar, there is no bigb- 
frequency cbohr and no wbems to 'paint' the beam 
ink longitndimal phvs specs per se. The Liw beu 
current of abad 36 mA corresponds to 6X1011 paotom 
per km. 

The &de field B, rssulting from . f=16 En 
moamrtt circuit, im approxiutal~ harmonic mith l DC 
offset: 

B - bin(l4/2 + hcU-c)/% 

where C=a.m2rf(t.-~n). 
There is me *flat-bottom' on tbc magnet mraform; the 
injection time tinj is dome to t&n. Accelarstim b 
the 16 2P urities t&es plw st l hu.onio n,,.ber 
h=g4, wrrwpmdi* to w4 initial BF frequency of 
rbovt 30.316 m. At the start of the cycle, tbe 
inject4 protam must be captured in ooe of tha M 
stablesreuorbncksta inlongitudimlphu. mpsc&J, . 
proam tulully called adiabaticcapture. 

Among the readily variable pvwtsnr affecting 
cspture ue the minimum magnetic yida field, the 
injection time, the amplitude and phua of the 
Dabuncber 1p voltage, the initial value of the ke&+r 
lF fraqum~, md tbe time depmdenceofths uplitde 
mdphueof theBmatar ItFrolty.3. Eqm+imntm and 
miwlationn intended to shed light on bow them 

optimise them mm damribed harm. 
wiriul mpprmcb of 
yPt P-f 

rarying the puuet9rm to 
-0 UOlmt. to l (timmomdngl) 

in . multidimwmioa.1 jmruebr #p&.x; 
mmeriul simlstiom provide invaluable guidmw for 
this s*u&. lkTWSaly, uperbntm .belp b 
determine th pu~tarm wed in the mimlstim.; the 
tro8ppmuba~uethiucapl~tuy. 

Bermal mwiolu simlationm of diabetic upturo in 
the Booster which neglected rpace-cb.rge effecta h.rs 
hem reported [l-d]. 

bmt+d by the Universities ~cssucb Aswocistien 
kc-. der .xmtraet with the U. 8. Dept. of &erg,. ' 

The Bimlstion Method 

The mimulatimw ropertad hers, rhich include 
longitudinal mpsce-chuga sffecta, used the 
longitudinal traebing prgr" JBU, described in 
smther p.per st tbim conference [S-6]. In order to 
chscb the sorrempondenca of them simulations with 
reality, the r*miltm hsre ken 
l wrd aparim&al 
aupla, sha reel 
pictures of . mingle 
with am BP roltsge progru lit* thm ona described 
bmlomand ,ahm lm Figure 
'noise' in the simulation 

The high-frequency 

errma resulting from the 
simulated. l'bhara are ZG omcillom~ trues, with 
rnccasdr~ traces t&en every second turn, mtuting st 
injection time. The horisontal mule is 6 
-*c/division mad there mm tan divisiona. Attapting 
to nprodllee mch cmpliutad p&tam provides 
mtringant t.wtm of the 
datamine the injsction and 

miml&Acm and helps to 
uptlvs p.rmeterB. nor 

exupla, the patterns of F&me 1 am mnsitira to the 
injsction .n*rgv, the initial Liaac phase Bpsc.* 
divtribution, the injection time with respect to the 
magnetic field marsform, 
progru. In fact,, 

and the Booster RF voltage 
the comparison mIUgest,s that the 

injection time with respect to the .ini.um of the 
guide field is about 100 pmec earlier than s d6/dt 
migml wailabla in th, control roe. indiuta.. 

Fig. 1. gimulsted (above) and real (below) 'mountsin 
ran& pietuna shoriw tbe tine dmlopent of the 
hem current wbsn a mingle turn is injectsd into the 
Booster. 



During the aptura proeas, th. w oscill.tor i. 
1.cb.d to . 
control of th. 

progr.n.bl. frequency .yntb..i..r. 

-plish.d by holding 
qqroxiutal7 

8~ ro1t.m. dwr-t,uptur. i. 
V0lty.S 

mostant (to avoid multpactming) ..d 
rsryiogthe IF phu. h&men two *qua1 groupsof 
u7iti.s al1.d A and B SO th.t +A==- 
zcsmi: ullsd par.phs.inf, .nd + . ul1.d ib. 

p=tWn'). 

Coorcntion.1 misdca ad trdition 
maintain that ~nj.&i.. should occur with th. tm 
croups .x.&l7 aat of phw., that im, with tb. initial 
p.r.ph... ..&ls 

tt 
(0)-W.. 

adusing # moo 1~ 
0.pt.r. is acc.mp1imh.d b, 

fo saro, l l1o.i.g th. qffectir. 
ring ro1t.g. to rim gr.dlmlly to t~piull7 406 kV 
4w #.as after ioj&ion. 

2.untly s.crisp rod J: Ld.7 of I.mi1.b 
disaw.r.d that tb. omr.ll tr.nsmis&m im i.pm,..d 
at high i.t..mity .if th. initial pu.pb... -1. is 
mot 80.. The rm111ta #horn in Figur. 2 ar. typic& 
Th. mpper cum. &an th. ku int.xuitq shortly titu 
injecting 8 tarns and th. 1-r o.. i. th. int.,,.it~ 
just hefore atraction. Th. absciss. is 1in.u in th. 
initid pu.phu. mgla, 
intanmity 

with tb. dip“ in th. final 
-ing at )(O)=w~. U.a.117 #(O)>uY 

gives slightly h&ter perforusca thun +(O)<oo*, but 
eithsr im sigrAfiur&ly b&tar thm #(0)-W', w.. 
though th. last choic. nsrull7 results in slightly 
bigbar up+_e yffisi.ncy. It is intarasting to not. 
Gt~.rtz&~,~~~,~(")'": r..ult. in f.rmei.n of 

v. dxsp1.c.d bl half tb. bucbat 
sp.&qfm th. loution of the fin.l hocb.ts. 

Th. Dnwter p.rfoxnrm is limited by trw.r,. 
sp.c.-cbarg. aff.ct* early in th. eycl., th. 
d.l.t.rioum effects of which am di.suss.d in .rmth.r 
p.p.r St this sonfsrac. [7]. Thus it N k.di.t.ly 
mrmim.d that the ob.on.d improvement remits from a 
mdnction of the pab hunch curr.nt, which lorsra the 
insohsrant ep.c.-clwg. t... spr.d. Verifying this 
hyp&h..is N cm. of th. go.16 of the simul.tiom md 
uparimata d.scribsd in th. nut ssctioo. 
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Cmmrison of th. ho 2F Vo1t.g. F+rogru. 

It i. boom from put .xp.ri..c. Md prior 
si.ul.tionm 
with 2F f 

l-21 
.o t.g. 

th& th. trditioml uptar. ntbod, 

initial du., 
ri.i.6 awthly fm . rev lo. 

r.multm in little dilution of th. 
longitadiwl pbu. mpsc. in th. abs.nc. of .p*cc- 
rhrge l ff.Ct#. 
.ffici*rltl7 

If th. Linac b... is uptursd 
without dilation, the resulting 

1ongitudin.l uittsnc. kmt.ini.g *bout> 06% of the 
ha- ia 0.02 eV-8.c par Boater hnnch, eorr..ponding 
ta tb. am* in lmgitudin.1 pbu. space of . nctmgl. 
whoa. l..gth is l/Srth of th. Boo.t.r circ..f.r.nce 
and doss full momentam mpred im 0.16%. Th. buckat 
u.rim limited by the .r.il.b\. UP ro1t.g. to &out 
0.04 .V-.~.e l in mm. .fter inj.ction; lar6.r bucket 
arewar* achi.wbl.l*tsrin tlkcysl*. Tbi* f8ctar 
of ho diff.r.ne. b.t...n the minimum btmch v.. .nd 
the .rsil.bl. buck.t sr.. prorid.. .- 1.w.~ to 
mdifr th. 1ongit.din.l phu.: /spxs di&,rib.tion of 
+he ku in ordar to r.duu &.c.-chug. tr..n.rs. 
tlJn* mprsdm. It mu s.wctad th.t th. n.wpF 
=-u- propy - -i=v mcb . b.n.fici.1 
wdifiutim. 

ligmr.m 2 sad 4 eonfirm this int.wprat.ti... 
Tb.y l hm th. ha& c.rr.nt di.tributio.. ob,.r..d .r,d 
aimu1.t.d with the tw EV voltage progrw. .hom, 
which wrr.mpmd to initial puaphw. mg1.s of hut 
90. and llU*. r..p.ctiralV. 2.cb picture sbo.. 60 
traw., on. trwx .r.v thr.. twm, mitb .ucc...ir. 
trams di.pl.c.d u-d.. Th. hori.ont.1 *ml. is 
6 rm.c/diri.ion. In liwr. 4, tb. .ff.ctir. ri.4 UP 
rolty. mnd.rw.. . ph... flip rhsn th. uplitud. is 
at th. minimum. It i. .pp.r.nt tbst inj.sting with 
th. na Y rolt~. pro&ram of lipu. 4 r.sult. in 
lo.g.r, i1.tt.r b..cb... 
not sbmm, indiut. 

Ftvther .imulstion r*.ulta, 
th.t th. cmt.r of th. tm- 

dim.n.ion~ lmgitudinsl pbu. spsc. di.tribution of 
th. bunch i. aomhst dsp1.t.d with th. D.. EP roltws 
procr-, uplainiw tb. flatter projection o. th. 
longitudin.1 pwition ui.. 

Th. .iml.tion pmgru rqmrt. the fol1ori.g 
rm.lts for th. two uptur. prowm. at tb. .M fio.1 
rolty.. For th. trditioml RF ro1t.g. progru, tb. 
N mittms. i. 1.1X10-2 .V-..c, tb. M bmcb I.-b 
i. 4.0 nmc, md the .imlat.d upture efficisncy ie 
96%; for th. ..w lF roltya progru, tb. r.~lt~ LT. 
l.6XlO-2 *V-rn*s, 4.11 -.=, ..d 662, r.w.stir.l,. 

CooCllui... 

Ths 8bilit.y to 8inil.t. di.b.tic upt.r., 
mmpl.m..t.d by .xp.rim.ntm to r.rify th. .ccur.e, of 
the dmhtimw, hu da.d~ promd .v.l..bl. tool to 

galid. *ifort. 
.nb....md.r~t.ndi~ of the appr. proa,, .nd t. 

to optimise 
l imlsti.n. emfin 

proca,.. Tb. 

l ffecta cnn ha 
that trmners. mpmce-ehsrgs 

r.d.ced by modifriw th. RF ..ltw. 
Procry druin(r df.b.tic upttu., mg..tiq th.t 
th.r. w b. *imp10 .ltemmtir.. to the iq.ni.tu but 
sapliutid longitudiml pbu. 
mchms mxntl~ inr.atad for %:,'y$:: 
mdlinas. 

A&mml.dgnnt. 

1. V. 6r.tif.l for tb. ..pport md soopsratior, 
Of ow mll..g~.. i. tb. 2ocst.r grmup ..d in tb. 
Au1.rat.r Diri.ion .t P.rmi1.b. 

Fig. 2. Th. bwm intan.ity short17 aft.+ injsction 
(upper curve) d shortly befor. .xtraction (lonr) u 
a fraction of th. i.iti.l pu.pb=. hngl.. 
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ri& a. Simlsted' (middle) wmd real (b&a.) 
'mc.uutmin run& pictluos shoring the time der&pmant 
of fkbeu -nt with four turns inj*cted into the 
3mmtar riw tka tmditioml SF rolty* proSma shown 
rt tkm top. 
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